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Abstract
A 3 kb cDNA called pkCNT1, a new member of the Na/nucleoside cotransporter family, was cloned from pig kidney and
sequenced. The sequence of pkCNT1 encodes a 647 amino acid protein that is 84% identical to the sequence of the rat
pyrimidine-selective Na/nucleoside cotransporter, rCNT1. pkCNT1 transports pyrimidines, such as thymidine and uridine,
and has a Km for uridine of 9 WM. ß 1998 Elsevier Science B.V. All rights reserved.
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Sodium-dependent nucleoside transporters are im-
portant for the concentrative absorption of a variety
of endogenous and synthetic nucleoside substrates
(see reviews [1^3]). The synthetic nucleosides carried
by these transporters include therapeutically impor-
tant drugs, such as AZT and AraC, used to treat
viral infections, AIDS, and cancer. All of the nu-
cleoside transporters characterized to date have
broad, overlapping substrate speci¢cities but they
are divided into ¢ve major subtypes, N1^N5, based
on their preferred substrates. The best characterized
of the Na/nucleoside cotransporter subtypes are
the N1, or purine-selective, and the N2, or pyrimi-
dine-selective, transporters. N1-type transport activ-
ity has been reported in epithelial cells from intes-
tine, liver and kidney, and in non-epithelial cells
including splenocytes and macrophages. N2-type
transport activity has been found in intestine and
kidney.
The recent sequencing of cDNAs encoding trans-
porters with N1- and N2-type transport activity has
identi¢ed a distinct gene family of nucleoside trans-
porters. The members of this family are related in
sequence to the rat intestinal Na/nucleoside co-
transporter, rCNT1, which exhibits N2-type activity
[4]. The family also includes the human ortholog of
rCNT1, called hCNT1 [5], and N1-type transporters
from rat and human, called SPNT1 or CNT2 [6^8].
Although the pig is often used as a model system in
drug design, relatively little is known about nucleo-
side transport in pig organs beyond a single report of
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N1-type Na/uridine cotransport in pig kidney brush
border membranes [9]. This study reports the se-
quence of the pig renal N2-type Na/nucleoside co-
transporter, pkCNT1.
Degenerate PCR was used to amplify a 600 bp
cDNA fragment from pig renal cortex related to the
CNT family of Na/nucleoside cotransporters. Prim-
ers were designed based on highly conserved regions
of the sequence of SPNT1 (rCNT2) corresponding
to amino acids 276^284 (5P-TA(CT)TA(CT)CT-
(CG) GG(AGC) CT(CG) (AG)TGCA(AG) -TGG -3P)
and amino acids 493^500 (5P-AG(TC)T(CG)(TC)-
Fig. 1. Multiple sequence alignment of the mammalian members of the CNT family. The amino acid sequence of pkCNT1 (GenBank
accession number AF009673) was aligned with rCNT1 (U10279), hCNT1 (U62968), SPNT1 or rCNT2 (U25055), hCNT2 (U84392)
and the mouse, mCNT2 (AF079853) using the Pileup program (GCG). Amino acid residues that are identical in all sequences are
highlighted.
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TG(GA)TA(TGA)CG(GCA)AC(GA)AA(TC)TC-3P)
[6]. Sequence-speci¢c primers were then designed
based on the sequence of the pig PCR fragment.
Two overlapping PCR products encoding the full-
length pig kidney Na/nucleoside cotransporter
cDNA were ampli¢ed using the Marathon cDNA
Ampli¢cation kit (Clontech), according to the manu-
facturer’s directions. The ampli¢cation protocol was
done using the enzyme KlenTaq polymerase, which
exhibits proofreading activity, in order to minimize
PCR errors. Two overlapping cDNAs were isolated:
clone 4-2, consisting of nucleotides 1^1325, and clone
4, consisting of nucleotides 892^3047. A single cDNA
containing the entire coding region of the pig kidney
Na/nucleoside cotransporter was prepared by sub-
cloning clones 4-2 and 4, using the single KpnI restric-
tion site in the coding region.
Both strands of clones 4-2 and 4 were sequenced
by the W.M. Keck Biotechnology Resource Facility
at Yale University. A cycle sequencing protocol us-
ing Taq FS DNA polymerase and £uorescent di-
deoxy chain termination was followed. The overlap-
ping portions of the sequences of clones 4-2, 4 and
the initial PCR fragment were identical. The compo-
site sequence of pkCNT1 contains 3047 nt and it
encodes a protein of 647 amino acids (Fig. 1). There
are three consensus sequences for N-linked glycosyl-
ation, at positions 542, 602 and 604. The sequence
of pkCNT1 is 84 and 85% identical to the rat and
human CNT1 orthologs, respectively. The sequence
of pkCNT1 is approximately 64% identical to the
rat, human and mouse purine-selective Na/nucleoside
cotransporters, called CNT2 or SPNT1. The mRNA
encoding pkCNT1 was found in intestine and kidney
(not shown).
A multiple sequence alignment of the mammalian
members of the CNT family is shown in Fig. 1. The
region of greatest sequence identity is in the carboxy-
terminal half of the protein. Interestingly, the sub-
strate recognition site that distinguishes between pu-
rine and pyrimidine substrates appears to be located
around amino acids 290^350 in this highly conserved
region [10].
Expression of pkCNT1 in Xenopus oocytes re-
sulted in an increase in Na/nucleoside transport.
As shown in Fig. 2, oocytes injected with pkCNT1
cRNA had increased transport of the pyrimidine nu-
cleosides, uridine and thymidine, but only a two-fold
increase in transport of the purine nucleoside, formy-
cin B, suggesting that pkCNT1 belongs to the N2
subclass. The apparent Km for uridine was 8.6 WM
(Fig. 2B), and in a second experiment, the Km for
uridine was 10 WM. Other cloned N2-type transport-
ers have apparent Kms for uridine between 19 and 45
WM [4,5,11]. The substrate speci¢city of pkCNT1 is
also very similar to that of rCNT1 [11]. Transport of
10 WM uridine was inhibited more than 90% by
1 mM concentrations of adenosine, cytidine, uridine,
thymidine, and by the synthetic nucleosides idoxur-
Fig. 2. (A) Transport of 100 WM uridine, 50 WM thymidine and
50 WM formycin B in control and pkCNT1-injected oocytes.
Uptakes were measured in sodium-containing bu¡ers for 20
min. Bars represent means þ S.E.M., n = 5 oocytes. (B) Kinetics
of uridine transport in oocytes expressing pkCNT1. 5-min up-
takes were measured in sodium containing bu¡ers. Each data
point represents the mean þ S.E.M., n = 5 oocytes. Uptakes are
corrected for counts in control oocytes. The Km for uridine is
8.6 þ 3.7 WM and the Vmax is 294 þ 20 pmol/oocyte/h.
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idine (5-iodo-2P-deoxyuridine) and £oxidine (5-£uo-
ro-2P-deoxyuridine) (not shown). AZT inhibited
transport by approximately 70%, but there was little
or no inhibition by guanosine, aciclovir or AraC (not
shown). The cation dependence of pkCNT1 also re-
sembles the properties of other N2-type transporters
[4,5]. Transport of uridine by pkCNT1 was reduced
by replacement of sodium with other cations, such as
choline or lithium (not shown). Sodium activation
curves in pkCNT1 were hyperbolic, suggesting that
one sodium is transported with each substrate mol-
ecule. In two experiments, the apparent KNa was
5 and 9 mM (not shown).
In conclusion, pkCNT1 is new member of the
CNT family of Na/nucleoside cotransporters. Its
functional properties are similar to those of other
pyrimidine-speci¢c nucleoside transporters of the
N2 class. The results show that pig kidney contains
a similar transporter to other previously character-
ized nucleoside transporters.
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